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TEOSINTE INTROGRESSION IN THE

BY
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Around Nobogame grows a plant called maizillo, or maizmillo.
It is more slender than the ordinary corn-plant and the ears are
very small. It gcrowsamong the corn and has to be weeded out,
as it injures the good plants. However, several Mexicans assured
me that, when cultivated, the ears develop. After three years
they grow considerably larger and may be used as food. A man
in Cerro Prieto raises this kind only: others mix it with the
ordinary corn. | was told that people from the Hot Country
came to gather it, each taking away about one almud to mix
with their seed corn. The combination is said to give splendid
results in fertile soil.

Lumuorrz, Unknown Mexico
1902

The Nobogame Valley is an i1solated valley in the
Sierra Madre Occidental of Mexico, and the description
by LLumholtz written over fifty years ago 1s an accurate
account of present day hybridization of teosinte with
maize.

This valley, inhabited by Tarahumare Indians and
Mexicans, 1s approximately eight miles north of the old
mining town of Guadalupe y Calvo 1n the southwestern
corner of the state of Chihuahua. Most of the valley
Hloor is given over to the cultivation of maize, beans and
squash or grazed, but teosinte does occur and 1s often
abundant along the margins of maize fields or in the

willow thickets bordering the streams. T'he distribution
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of teosinte 1s limited to probably not more than 25 square
miles of the valley between the elevations of 1720 and
1920 meters.

T'he local inhabitants recognize teosinte as distinet
from maize and call it maicillo or maiz silvestre. They
are also familiar with the maize X teosinte hybrids and
universally will elaim that 1f the hybrnd 1s cultivated for
three years it produces maize. Some feel that hybridi-
zation even improves the maize.

Factors miting oene exvchange

Both teosinte and maize are wind-borne, cross-polli-
nated plants, and the prevention of hybridization with
subsequent genetic exchange between the two species 1s
dependent on (1) the spatial isolation of the two species,
(2) the seasonal isolation of the two species, (3) the lack
of fitness of the hybrid, and (4) the types of selection
operating on the two parental populations.

T'he most eftective i1solating mechanism in most areas
where teosinte and maize are sympatric has been the
mean mid-Howering date, with maize Howering 2-5
weeks ahead of teosinte. Nobogame teosinte 1s unique
in that it 1s the only teosinte population found in a habi-
tat other than a cultivated field which i1s not seasonally
iIsolated from maize. Maize of the Nobogame Valley 1s
a five month type belonging to the race Cristalino de
Chihuahua which 1s planted 1in May and harvested 1n
September before the early killing frost. Both teosinte
and maize reach mid-flowering in August.

Huybridization at Nobogame

In all the areas of both Guatemala and Mexico where
teosinte and maize occur together there 1s some evidence
(only a single Iy hybrid in some cases) ot hybridization,
but never has the author found such a large number of
hybrids and clear and unmistakable effect of teosinte in-
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defined race in Mexico which is typically a dent corn.
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trogression in maize cobs as exists in Nobogame. T'he
abundance of Iy hybridsis comparable to Chalco, where
several researchers have studied maize Xteosinte hybrids
(L.opez v Para (1908), Collins (1921), Bukasov (1926,
1030), Mangelsdort (1952), and Wilkes (1967)). Unlike
the region around Chalco, however, teosinte 1s not lim-
ited to the cultivated tields. Teosinte also occurs in dense
stands along the streams and 1in areas protected from
orazing on the surrounding hlls.

Although all the tields had been harvested at the time
of the field work (November), caretul investigation indi-
cates that maize X teosinte hyvbrids are present in the
ficlds proper, but not as abundant as they are on the
margin of the maize fields or in the willow thickets along
the stream. VW hen maize X teosinte hybrids are encoun-
tered in the maize fields ot Mexico, 1t 1s usually pre-
sumed that they are from teosinte fruit-cases containing
hvbrid seed which were naturally disseminated in the
ficld. In Nobogame, the temale parent of the teosinte X
maize hybrids s sometimes maize and thus the hybrids
are often planted 1n the field.

Tcosinte introgression

The evidence of teosinte introgression mto maize 1s
clearly seen in maize cobs throughout those parts of the
valley where teosinte 1s most abundant. At harvest time
the entire ear 1s brought to the granary, and for several
weeks thereafter the ears are lett to air dryv 1n large piles
around the courtvard. .\ sector ot each of twenty piles
representing twenty distinet fields of eight cultivators
wias studied. T'wenty-tive cobs were separated trom the
pile and shelled. Approximately | of all the cob samples
expressed the tripsacord characteristic of a pronounced
induration of the rachis and lower glume. All of the
piles possessed tripsacoird cobs (Wilkes, 1968), although
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a few of the samples were free of tripsacoid cobs.
T'wo of the tields where tripsacoid cobs had been har-
vested were visited and teosinte was found to be abun-
dant around the field margin. Although most of the
teosinte plants had dispersed their seed and were dried
and broken, several I¥; hybrids were located which still
possessed intact cobs. Inone field, two teosinte backeross
progeny of the Iy maize Xteosinte hybrids were discov-
ered. indicating that there issomereciprocal introgression.
Despite the presence of reciprocal introgression, most
of the gene How 1s from teosinte to maize. 'T'eosinte 1s
a wild plant possessing the ability to disperse its seed as
single rachis segments, while domesticated maize has a
massive cob tightly enclosed by a husk system. Only
those teosinte backcross segregates which possess the
genetie control for a disarticulating rachis are able to dis-
perse their seed. T'his factor 1s primarily responsible tor
the unidirectional How ot genetic material. I'he back-
crosses to teosinte that segregate a more maize-hike cob
with non-disarticulating rachis disperse the entire spike
as 4 whole. T'he numerous seed all germinating still at-
tached to the cob are so crowded that they either choke
qach other out or develop into numerous spindly plants
that tail to Hower. In both cases, the genetic inheritance
of the maize-hike cob is lethal to a plant dependent on
natural dispersal of its seed for survival. T'he selection
for the disarticulating teosinte pistillate spike and dis-
tribution of single seeds protected by a rachis-segment,
along with a large population ot wild plants in the sur-
rounding region, appears to act against the effects of
maize introgression on the pistillate spike of teosinte.

Study of mar~e cars

The evidence for introgression of tripsacoid characters
from teosinte is objectively measurable in the morpholo-

~ -
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Prare LXXVI. Evidence of teosinte introgression and
maize < teosinte hybridization. A. The cob to the far
left is a typical maize ear and shows evidence ot intro-
oression of tripsacoid segments associated with chromo-
some 9, and possibly chromosome +. The cobs to the
richt are arranged in a series of increasingly pronounced
tripsacoid characteristics. The extreme is the cob tothe
far richt with its massive lower glumes and deep cu-
pules. This cob, which was part of the maize harvest,
is comparable in morphology to a maize backeross to the
maize - teosinte hybrid. 7/10 actual size. B. This F,
maize - teosinte hybrid came from the same field as the
cobsin A. Note the two-ranked rachis, the paired spike-
lets, and the kernels forcing open the enclosing lower
alumes ; all typical characteristics of the Fyhybrid. 7/10

actual size.
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oy of the maize cob (Galimat et al., 1956 Sehgal, 1963).
T'he presence ot a short, thick rachilla inclined to the
axis, pronounced glume cushions, shghtly upcurved
clumes, comparatively soft rachis tissue, and well de-
veloped central pith in the maize cobs of the hields sug-
oests the mtrogression of segments of chromosome 9,
and possibly chromosome 1, ot teosinte.

[ioht ears selected by the cultivator as seed ears from
a ficld where maize Xteosinte hybrids were known to be
abundant were studied. These very productive ears were
not highly tripsacoid, but thev too showed evidence of
teosinte mtrogression (rigid cob, straight rows, and 1n-
durated glumes). Four of these cars were shelled and
100 sceds from each ear were grown. T'hree cobs vielded
all maze plants, but the fourth produced three maze X
teosinte hybrids. 'T'his frequency of three maize X teosinte
hvbrids per 400 plants compares well with the number
of maize X teosinte hybrids estimated to be present in the
ficld and the abundance of hghly tripsacoid cobs found
in the total harvest.

Maize Xteosinte hybrid seed on the predominantly
maize-pollinated ear can not normally be distinguished
morphologically from pure maze. Yet at Nobogame
several cars from the same field were selected trom the
total ptle because they possessed smaller than usual seeds.
These small seeded ears uniformly vielded maize X teo-
sinte hybrids when planted. It was found that if the ear
1s pollinated only by teosinte, the hybrid seeds are smaller
than the few hybrid sceds found on a predommantly
maize-pollinated ear. T'hus there appears to be a chemi-
cal feed-back mechanism (growth hormone?) between
the developimeg seed and the cob. T'his postulated hor-
mone might act to stimulate the conduction of food
through the cob to the developing seed.

Controlled polhinations of teosinte on the corn inbred
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A158 have produced seeds which are smaller and weigh
less than selt” pollinated A158. T'his phenomena is not
universal because controlled pollinations of teosinte on
the New ngland Flint, \Wilburs Flint, produced hybrid
seced which are indistinguishable 1in size and weight trom
selt-pollinated Wilburs I<hint.

Iiscussion

Maize and teosinte are fully fertile, and in the Nobo-
game Valley the two hybridize naturally. Muaize X teo-
sinte hybrids are known from other regions in Mexico
and Guatemala, but Nobogame 1s unique because hy-
brids are in some cases cultivated because the inhabitants
feel they improve the maize and 1n others the hybrids
are unknowingly planted i the maize fields.

Wild teosinte 1s abundant in the region, and hybrids
are almost as abundant in the fields as on the margin of
the tields. Because the method of cultivation ot maize
has not changed appreciably in the last hundred vears
this pattern of an abundance of teosinte hybrids on the
seed ears 1s suspected to have been widespread in the
past in regions where 1t 1s almost extinet today. Such a
pattern of hyvbridization with teosinte would account for
the widespread tripsacoid characteristiecs now found 1n
the races of maize on the Central Plateau (VWellhausen
et al., 1950) and adjacent regions. 'I'his hvbridization in
the past would also explain why the teosinte of the
(Central Plateau 1s one ot the most maize-lhike races of
teosinte.

T'he observations of the incorporation of tecosinte seg-
ments from chromosome 9, and possibly 4, are interesting
also because Sehgal (1963) has shown that, under experi-
mental conditions, incorporationof teosinte chromosomes
9 and 4, either alone or 1n combination, 1In a uniform
maize-inbred, imcreases the length ot the cob. Tt 1s pos-
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Fovidence of tripsacoid characters in Nobogame cobs. A. These maize cobs are from a
typical tield where hybridization with teosinte was known to occur. Actual size. B.
T'he short, thick rachilla inclined to the axis, the slightly upcurved glumes, and the
pronounced glume cushions suggest the introgression of tripsacoid segments on chromo-
some 9, and possibly chromosome +, from teosinte. The rachis tissue is comparatively
soft and the central pith is well developed. 3 - actual size.



tulated that, since increased cob length is selected for in
seed ears, teosinte hyvbridization 1s of positive selection
value in the maize ot Nobogame.

Summariy

1. .\ detailed analysis of the maize fields was made 1n
the Nobogame Valley in southwestern (Chihuahua,
where the pattern of cultivation for maize has not
changed appreciably in the last one hundred years.
The maize grown around Nobogame 1s a five month
type belonging to the race Cristalino de Chihuahua.
T'he teosinte belongs to the race Nobogame and 1s
abundant along the margin ot maize hields and grow-
ing wild in the non-cultivated parts of the valley.

2. Muaize and teosinte are not seasonally i1solated as they
are at most other sites where the two occur together.
The mid-Howering times overlap in August and maize
X teosinte hybrids occur naturally. T'eosinte pollen
1s sufhiciently abundant at Howering that many polli-
nations on maize cobs are by a teosinte parent. Seed
ars of maize have been shown to be contaminated by
teosinte pollen resulting in the actual planting ot
maize X teosinte hybrids by the cultivator.

3. The cobs of the maize planted in the valley show
pronounced signs of tripsacoid germ plasm such as
induration ot the lower glume and a straight rnigid
cob. These characteristies are attributed to the intro-
oression of tripsacoid genes via direct hybridization
with teosinte foliowed by subsequent introgression
from maize and teosinte backcross progeny. '1The
maize backeross progeny are usually harvested while
the teosinte backeross progeny are usually lett stand-
ing 1n the tield. Although introgression is reciprocal,
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Prare LXXVIII. Teosinte-pollinated maize ears.
A. When the maize ear is pollinated only by teo-
sinte, the hybrid seed are smaller than the few
hybrid seed found on a predominantly maize pol-
linated ear, which are indistinguishable from the
pure maize seed. The ear to the left is the inbred
A 158 and the ear to the rigcht is a controlled polh-
nation of teosinte pollen on the ear ot A158. 7/10
actual size. B. These ears are open pollinated ears
from Nobogame. T'he seed are of normal size on
the ear to the left. The seed shelled from the ear
to the richt are smaller and all produced F, maize
- teosinte hybrids. If the entire ear is pollinated
by teosinte, none of the hybrid seed develop to the
size of a normal maize kernel. This dwarhng eflect
only occurs if the entire ear is made up of hybrid
kernels. Note also the tendency of the hyvbrid ker-
nels to produce pointed seed, a character often

found in pop corns. 7/10 actual size.
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the main How ot genes appears to be tfrom teosinte
to maize, since the genetic incorporation ot a maize-
like rachis results in the inability to disperse seed and
the extincetion of these muaize introgressed teosinte
plants.

It i1s postulated that the hvbridization of teosinte and
maize on the Central Plateau in the past 1s compara-
ble to the present hybridization of teosinte and maize
at Nobogame. T'his hypothesis accounts for both the
widespread presence of tripsacoid characteristies in
the muaize ot the Central Plateau and the maizoid
characteristies ot the teosinte. I'he introgression of
teosinte segments following maize X teosinte hybrid-
ization would have been of positive selection value 1t
it resulted in a larger ear.

| (310 ]



LITERATURE CITED

Bukasov, S. 1926. Un hibrido de maize v Fuchlaena Mexicana. lores-
tal. (Mex.) 4: 38.

Bukasov, S. 1930. Teosinte. in The cultivated plants of Mexico,
Guatemala and Colombia. Bull. Appl. Bot. Genet. & Plant Breed-

ing 47: 141-148.

Collins, G. N. 1921. Teosinte in Mexico. Journ. Hered. 12: 339~
350,

Galinat, W.C., P.C. Mangelsdort and L. Pierson. 1956. Estimates
of teosinte introgression in archaeological maize. Bot. Mus. Leatfl.

Harvard Univ., 17: 101-124.
[Lopez y Parra, R. 1908. El teosinte. Mexico.

LLumholtz, C. 1902. Unknown Mexico. Charles Scribner’s Sons,

New York.

Mangelsdorf, P.C. 1952. Hybridization in the evolution of maize.
in J.W. Gowen (ed.), Heterosis, pp. 175-198. lowa State College
Press, Ames.

Mangelsdorf, P.C., R.S. MacNeish, and W.C. Galinat. 1967. Pre-
historic maize, teosinte and 7ripsacum from Tamaulipas, Mexico.
Bot. Mus. Leafl. Harvard Univ. 22: 33-63.

Mangelsdorf, P.C., and R.G. Reeves. 1959. The origin of corn I11.

Modern races, the product of teosinte introgression. Bot. Mus.
LLeafi. Harvard Univ. 18: 389—411.

Sehegal, S.M. 1963. Effects of teosinte and “"Tripsacum’’ introgres-
sion in maize, Bussey Institution, Harvard Univ,

Wellhausen, E.J., ..M. Roberts and E. Hernandez-X, in collabora-
tion with P.C. Mangelsdorf. 1952. Races of maize in Mexico. Bus-

sey Institution, Harvard Univ.

Wilkes, H.G. 1967. Teosinte: the closest relative of maize. Bussey
Institution, Harvard Univ.

Wilkes, H.G. 1968. Teosinte * maize hybrids, Nobogame, Mexico.
Maize Genetics Coop. Newsletter 42: 165-166.

| 311 |



